that it is almost impossible to read and make sense of, unless one is in a position to correct it by reference to Harvey's own writing. As a result, since 1886, comment and criticism of Harvey's lectures have, with few exceptions, been based not on the text of the lectures but on what is said about them inALihe introduction. And a great many of the assertions there made are untrue. In addition, much ink and paper has been spent in attempts to explain why Harvey should have said so precisely in De motu cordis that he had demonstrated the circulation for " more than nine years," when he had apparently known it for twelve years.
Harvey's Anatomical Writings
When I had finished the publication of Harvey's notes for his De motu locali animalium, written in 1627, the Royal College of Physicians suggested that I should complete the work on Harvey's manuscripts by producing a new text of the Prelectiones anatomie universalis, together with a translation, and add to it the text of the lectures on muscles, contained in the manuscript of De motu locali animalium. In this way, all his anatomical writings could be put together in one volume. The notes on muscles, although not dated in the manuscript, were datable from the fact that the paper on which they were written was made in Holland in 1618 , while an addition to the text of the notes derived from the second edition of Bauhin's Theatrum anatomicum, printed in 1621. Between these two dates, therefore, the notes were undoubtedly written. If Harvey conducted his first public anatomy as Lumleian Lecturer in 1616, it followed by the terms of his appointment that in 1619 he gave for the first time the special anatomy of the arms and legs. As the scope of the notes on muscles seemed to correspond well enough with this anatomy, the assumption that they were written in 1619 and represented this special Lumleian anatomy seemed acceptable.
All Harvey's known manuscripts, written before the publication of De motu cordis, are therefore now in print: the Prelectiones, or Lectures on the Whole of Anatomy, of 1616, the lectures on muscles of 1619, and the treatise on animal movement of 1627. We hoped that out of this might come a complete account of the development of Harvey's thought over the years in which the hypothesis of the circulation must have been forming itself in his mind. But no clear-cut account of the stages of his discovery has emerged. Instead we find ourselves in possession of a number of fascinating and intriguing remarks which, if interpreted aright, may perhaps serve as signposts to the way he travelled.
His Lectures on Anatomy
Harvey's Lectures on the Whole of Anatomy were delivered for the first time, as has already been said, on 16, 17, and 18 April 1616. In keeping with the whole tradition of medical teaching during at least the previous 200 years, the public anatomy lasted three days. On the first day the lower belly and the viscera were demonstrated; on the second the middle belly, or thorax, together with the heart and lungs; and on the third the upper belly-that is, the head and the brain. This order Harvey followed in his lectures. But Harvey did not hold a public anatomy only in 1616. We have reason to believe that between 1620 and 1627 he conducted a general public anatomy every year with the exception of 1621 and 1625, and on these subsequent occasions he also used the same notes.
The only independent witness of his lectures so far known to us is Sir Simonds D'Ewes, who attended them for three days in March 1623. Unfortunately, he merely says that he " gained much profitable knowledge" by his attendance and makes no mention of the topics discussed. Harvey says on the subject in De mlotu cordis chapter 2, it is obvious that his study of the movement of the heart was already almost complete and that he had little more to add twelve years later. The same is true of his observations on the movement of the arteries and of the action of the auricles. The material for the greater part of chapters 3 and 4 of De motu cordis will be found in the notes. This means that in 1616 Harvey already knew that the principal movement of the heart was its contraction, that is its systole. Observation showed that the contraction of the heart occurred as it lifted itself up and struck the chest wall, and, consequently, that the apex beat coincided with the systole of the heart. By observation also he learnt that the pulse of the arteries could be felt at the same moment as the apex beat, and therefore the systole of the heart coincided with the diastole of the arteries. It also followed that the blood was impelled into the arteries by the action of the heart, " as my breath in a glove," a simile which he used again in De motu cordis.
From his observations on the movement of the auricle he knew that it aroused a sleepy heart and that the right auricle was the last part to pulsate when the heart was dying. It is not now, therefore, the similarities between the Prelectiones and De motu cordis which are of significance in determining the state of Harvey's ideas in 1616, but the dissimilarities. In the Lectures he does not mention one of the experiments with ligatures which convinced him of the passage of the blood from the arteries to the veins. His interpretation of the valves in the veins, which, contrary to the assertion made in the introduction to the 1886 edition, he never describes and only once mentions, is as follows: "The valves set in a contrary direction break off the pulse both in the heart and in the other veins. WH and for that reason the veins have very many valves opposed to the heart." When he wrote that it is difficult to believe that he had any idea of the circulation of the blood throughout the whole body. And this is a crucial point, for we know on the authority of Sir Robert Boyle that it was the consideration of the valves of the veins which first "hinted " to him, or "induced him to think of " the circulation of the blood.
Throughout the Prelectiones the veins are spoken of as carrying blood to the various parts of the body to nourish them. His remarks concerning the splenic branch of the portal vein are of particular importance. Speaking of the omentum, Harvey says: "it bears the veins from the portal vein to the stomach and the spleen," and of the stomach: " it receives veins from the splenic branch of the portal vein and they bring in blood and take off chyle." The idea of blood and chyle going different ways in the same vein is traditional, and totally contrary to Harvey's subsequent explanation as set out in De motu cordis, chapter 16.
Years of Silence
It would therefore seem clear that, in 1616, Harvey knew the movement of the heart in systole and diastole, systole and diastole of the arteries, and the one-way passage of the blood through the lungs and back to the left ventricle and out into the aorta. But there for the moment it stayed. Baldwin Hamey in his Prelectiones, delivered at the College of Physicians in January 1648, summed up the situation when he said: " From this left ventricle it is, as I said, expelled by the arteries into the whole body; and there till of late years it was thought to rest, nor was there any further heed taken of it or account given of it than this, that it served for nutrition and augmentation, for generation of spirits and sperm in their due times. But now, by the conduct of our renowned Professor and Colleague, Dr. Harvey, there is a way found to bring the greatest part back again, and yet no part of the foresaid work left undone."
If we are to take at its face value, as indeed we must, Harvey's own statement in De motu cordis that he had demonstrated the circulation of the blood for more than nine years, then the way round was discovered on some occasion in 1618 or 1619, but of its finding there is no record. Why do the additions to the Lecture notes made at intervals up to 1626 give no clue ? Was Harvey in fact continuing to teach the Galenic notions on the movement of the blood at a time when he was himself convinced of their falsity ? The case would be paralleled by Galileo's. Even in 1626, by which date it would seem reasonable to suppose that De motu cordis was already taking shape in his mind, we can have no certainty of his position. To the description which appeared for the first time in the edition of Riolan's Anthropographiae printed in that year of how, when he blew into the spermatic-that is, ovarian-veins of a woman, he discovered that the arteries along the uterus were inflated together with the veins, Harvey has added the comment: " Or does the reverse occur ? " In De generatione Harvey refers to the same passage and contradicts it, saying that this " is a prevalent argument for the Circulation of the Blood, which was my invention; for it doth clearly evince a passage from the Arteries into the Veins, but no retreat from the Veins into the Arteries again." By 1626 one would have thought that BRITS MEDICAL JOURNAL
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Harvey was already in a position to contradict Riolan's findings and not merely to question them.
Work on Animals
De motu locali animalium, written in 1627, gives little help in clarifying his state of mind. There he alludes to the fact that a frog moves after its heart has been excised, and possibly to the movements of an eel in the same condition. But these were experiments he had already performed by 1616, for in the Prelectiones he says: " After the heart has been cut out a frog skips, an eel crawls and a dog walks." Moreover, these experiments are not so much concerned with his work on the heart as with his study of nerves and the part which they play in movement. Harvey also refers to the fact that the right ventricle pulsates last, but that observation too occurs in the Lectures.
True, there are three references in the book to De motu cordis, but each reference is an addition to the text made after the date in 1627, when the greater part of it was written. Only one experiment described in De motu locali animalium is significant for our purpose. " A cock's head off, the arteries being tied and artificial ventilation given (respirationi dato loco), movements are seen to persist, but they are as the movements of men in delirium . . .," etc. Though not an experLment connected with the movement of the heart or blood, it proves that Harvey in 1627 was in possession of a technique by whicl he could perform all the necessary animal experiments for the purpose of proving his hypothesis of the circulation. But in order to try to discover how and when he did it, we are forced to interrogate yet more closely the texts of De motu cordis and of the Prelectiones.
Harvey himself says that he solved the problem by having frequent recourse to vivisections, by employing a variety of animals, and by collecting numerous observations. Numerous observations on a variety of animals will be found in the Lectures, though by no means all those wlhich are recorded in De motu cordis; the method of work had been begun before 1616. It is the animal experiments which are lacking in the Lectures. He refers to the vivisection of a dog which he had performed for the purpose of inspecting its thymus, and that his observations on the movement of the heart had been carried out on some living animal is plain. In fact he says, of his conclusions on the arterial pulse: " This can be proved by actual inspection in the living and in the dead." But apart from making an incision in the ventricle and watching the blood spurt out at each contraction, he mentions no other experiments on a living animal. Before 1628, therefore, he had to perform all those recorded in De motu cordis: dividing the arteries in dogs, dividing the veins, and in both cases watching and assessing the results; tying the veins in snakes and fish below the heart and watching the space between the ligature and the heart become empty of blood; watching the blood spurt from the proximal side of a cut artery and from the distal side of a severed vein. All these experiments are of the utmost elegance and simplicity and would not have taken long to perform. Royal Society meeting at Gresham College. But there is no evidence to lead us to suppose that living animals were used either at the Barber-Surgeons or at the College of Physicians on the occasions of the formal public anatomies held in those institutions in the first half of the seventeenth century. Of the ceremony attendant on an anatomy at the Barber-Surgeons we have record. We know of the mat to be provided for the lecturer's feet lest he took cold, of the two white rods with which he was to demonstrate the parts, and of the clean sleeves which he was to be given to wear. But nowhere is there any mention of animals. It is not to be supposed that the Lumleian anatomies at the College of Physicians, or the College's own annual anatomy, were occasions for less ceremony.
In both Colleges the purpose of the anatomies was to demonstrate and teach knowledge already acquired and opinions based on authority. They were not occasions for the presentation of new facts, for both Colleges were conservative in outlook and rightly suspicious of novelties. It seems altogether unlikely, therefore, that it was during the course of any formal anatomy at the College of Physicians that Harvey demonstrated for the first time his new theories on the movement of the blood. All that he could have shown on such an occasion would have been the structure of the valves in the veins. We know from Boyle that he began by thinking about this. In the Prelectiones he observes that " a rod inserted into the vena cava goes as far as the loins," and we may well speculate as to when he inserted a probe into a more distal vein to find its passage impeded by a valve as he describes in De motu cordis. When he had taken that step, it is possible that he may have seen the important experimental proof which could be provided by the ligatures of varying tightness around the arm. This, coupled with the question of the amount of blood extruded from the heart at each beat, would have given him the whole basis for his De motu cordis. Remembering that Aubrey says of Harvey that he was not " stiffe, starcht and retired, as other formall Doctors are," and that Scarborough makes a similar point in stressing his willingness to teach those who wanted to learn, it may well have been that it was among the younger men who were Candidates during those years that he found his audience. Alexander Read and Francis Prujean could have seen the demonstrations, but neither they nor anyone else so far known has admitted to it. Instead, there is a complete blank in the records of the College of Physicians until January 1648, when Baldwin Hamey the younger described the circulation of the blood in the course of the formal anatomy he gave to the College.
And so we arrive at the conclusion that the Prelectiones, in spite of the additions to the text, represent Harvey's public face only. They do not constitute his private experimental notebook, and they do not reveal what he demonstrated to the members of the College, nor when, nor where.
Harvey's Answers to Criticism after 1628
When he wrote De motu cordis in 1628 Harvey had by no means realized the full implications of his theory, nor had he performed all the experiments by which it could be proved. Some time after this he showed the King the demonstration on the jugular vein of the stag, but this was no advance on his previous proofs. During the next twenty years more experimental proof was evolved, largely in answer to attacks made on him, and these experiments were designed to answer particular points. Riolan's specific criticisms were answered in two Letters addressed to him and published in 1649. The First Letter contains the description of the experiment by which Harvey disposed of the idea that the blood could get from the veins into the arteries by regurgitation, anastomoses, or any other kind of special channel. The Second Letter contains, among other things, the proof of the circulation in the portal vein, a circulation which Harvey had only inferred in De motu cordis. And finally, in 1651, came the experiment to prove that there are no porosities in the intraventricular septum. It is described in the Letter written to Slegel in that year, and there Harvey says that he had recently performed it in the presence of several of his colleagues and makes it quite clear that it was performed as a direct answer to Riolan's continued attacks, for the proof of the circulation of the blood was never based on the hypothesis that the septum was a solid wall.
The last remarks which Harvey made on the circulation occur in the Letter to Dr. R. Morison of Paris written in April 1652. "The heart has three kinds of motion, namely the systole in which the organ contracts and expels the blood contained in its cavities, and next, a movement, the opposite of the former one in which the fibres of the heart appropriated to motion are relaxed. Now these two motions inhere in the substance of the heart itself, just as they do in all other muscles. The remaining motion is the diastole, in which the heart is distended by the blood impelled from the auricles into the ventricles; and the ventricles thus replete and distended, are stimulated to contraction, and this motion always precedes the systole which follows immediately afterwards." The clarity of the description is in striking contrast to the bewilderment with which he had first contemplated the heart's action and to which he had confessed twenty-four years previously, saying: " I was almost tempted to think . . . that the motion of the heart was only to be comprehended by God." Of the manner of the heart's action and of its necessary and immediate consequence, the circulation of the blood, he had in the intervening years given to the world the clearest possible description. 
